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SUMMARY 
T H E C O E F F I C I E N T O F D I S C H A R G E F O R R E C T A N G U L A R , T H I N - P L A T E , F U L L -
W I D T H W E I R S C A N B E E X P R E S S E D AS A F U N C T I O N O F H / P A L O N E I F T H E E F F E C T I V E -
H E A D AND E F F E C T I V E - W I D T H C O N C E P T S A R E U S E D T O D E S C R I B E T H E C O M B I N E D 
E F F E C T S O F V I S C O S I T Y AND S U R F A C E T E N S I O N . T H E E F F E C T I V E H E A D I S D E F I N E D 
AS T H E M E A S U R E D H E A D P L U S ( O R M I N U S ) A C O N S T A N T ( K ^ ) W H I C H M U S T B E D E T E R ­
M I N E D B Y E X P E R I M E N T . K I N D S V A T E R AND C A R T E R , I N R E P O R T B A S E D O N A 
P R E V I O U S R E S E A R C H A T G E O R G I A T E C H , F O U N D K ^ T O B E 0 . 0 0 3 F T F O R F U L L -
W I D T H W E I R S C O V E R I N G A W I D E R A N G E O F V A L U E S ' O F H / P . F R O M AN A N A L Y S I S 
O F T H E R E S U L T S O F O T H E R I N V E S T I G A T I O N S , T H E Y C O N C L U D E D T H A T K ^ V A R I E D 
W I T H C E R T A I N P H Y S I C A L C H A R A C T E R I S T I C S O F T H E E Q U I P M E N T , P A R T I C U L A R L Y 
T H E C O N D I T I O N O F T H E W E I R C R E S T . S U B S E Q U E N T L Y , S H E N , I N A N U N P U B L I S H E D 
S T U D Y , S U G G E S T E D T H A T K ^ I S A F U N C T I O N O F C R E S T T H I C K N E S S . I T WAS T H E 
P U R P O S E O F T H E W R I T E R ' S R E S E A R C H T O T E S T T H E V A L I D I T Y O F M R . S H E N ' S 
H Y P O T H E S I S . 
T H E E X P E R I M E N T A L P H A S E O F T H I S I N V E S T I G A T I O N I N V O L V E D A C A R E F U L L Y 
C O N T R O L L E D , S Y S T E M A T I C S E R I E S O F T E S T S O N E L E V E N D I F F E R E N T W E I R S , E A C H 
H A V I N G A D I F F E R E N T C R E S T T H I C K N E S S . T H E H E I G H T O F T H E W E I R , W I D T H O F T H E 
W E I R , AND U P S T R E A M E D G E O F T H E W E I R C R E S T WERE I D E N T I C A L F O R A L L T E S T S . 
T H E T E S T S C O N S I S T E D P R I M A R I L Y O F A C C U R A T E M E A S U R E M E N T S O F H E A D A N D D I S ­
C H A R G E F O R A F U L L R A N G E O F D I S C H A R G E S AS L I M I T E D B Y T H E L A B O R A T O R Y S U P P L Y . 
E Q U I P M E N T AND I N S T R U M E N T A T I O N P E R M I T T E D AN U N U S U A L L Y H I G H O R D E R O F A C C U R A C Y 
I N T H E M E A S U R E M E N T S . ( A T O T A L O F 4 0 7 T E S T S A R E S U M M A R I Z E D I N T H E A P P E N D I X , ) 
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Values of the coefficient of discharge and values of the head-
adjustment factor (k̂) computed from the experimental data showed little 
or no correlation with crest thickness. It was concluded that Mr. Shen's 
hypothesis was invalid. A comparison of the writer's results with the 
results of other investigators confirms the conclusion stated by others, 
that "experiments made by different, capable investigators do not agree, 
and formulas based on a particular set of data reflect the individual 
characteristics of those data." 
CHAPTER I 
INTRODUCTION 
D e s c r i p t i o n o f t h e P r o b l e m . - - T h e s u b j e c t o f t h i s r e s e a r c h i s t h e r e c t a n ­
g u l a r , t h i n - p l a t e , f u l l - w i d t h w e i r . S t a n d a r d m e a s u r i n g w e i r s i n t h i s 
c a t e g o r y a r e u s u a l l y d e s c r i b e d a s " s h a r p e d g e d , " a d e s i g n a t i o n w h i c h 
s p e c i f i e s o n l y t h a t t h e u p s t r e a m e d g e o f t h e c r e s t b e s h a r p . T h e c r e s t 
i s a c t u a l l y a f l a t s u r f a c e , t h e w i d t h o f w h i c h ( h e r e i n a f t e r r e f e r r e d t o 
a s t h e t h i c k n e s s o f t h e c r e s t ) i s u s u a l l y r e q u i r e d t o b e f r o m l / l 6 t o 
1 / 8 i n . 
I n c l u d e d i n t h e v o l u m i n o u s l i t e r a t u r e o f w e i r s a r e e x p e r i m e n t a l 
d a t a w h i c h i n d i c a t e t h a t t h e t h i c k n e s s o f t h e c r e s t m i g h t h a v e a s i g n i f i ­
c a n t i n f l u e n c e o n t h e c o e f f i c i e n t o f d i s c h a r g e , e s p e c i a l l y a t s m a l l 
v a l u e s o f t h e h e a d . T h e i m p l i c a t i o n s o f t h i s o b s e r v a t i o n g e n e r a l l y h a v e 
b e e n a v o i d e d b y s p e c i f y i n g a n a r r o w r a n g e o f a c c e p t a b l e v a l u e s o f c r e s t 
t h i c k n e s s f o r s t a n d a r d w e i r s . N e v e r t h e l e s s , d a t a u s e d t o s u p p o r t s o m e 
o f t h e w i d e l y u s e d e m p i r i c a l d i s c h a r g e f o r m u l a s h a v e b e e n o b t a i n e d f r o m 
w e i r s h a v i n g c r e s t t h i c k n e s s e s v a r y i n g f r o m " k n i f e e d g e d " t o 3 / 8 i n . 
I t h a s b e e n s u g g e s t e d t h a t t h e c o r r e l a t i o n b e t w e e n c r e s t t h i c k n e s s 
a n d c o e f f i c i e n t o f d i s c h a r g e c a n b e a t t r i b u t e d t o t h e i n f l u e n c e o f f l u i d 
v i s c o s i t y a n d s u r f a c e t e n s i o n . I n a r e p o r t ( I J b a s e d o n a p r e v i o u s 
M a s t e r ' s d e g r e e t h e s i s , P r o f e s s o r C . E . K i n d s v a t e r p r o p o s e d t h a t t h e 
e f f e c t o f t h e c o m b i n e d f l u i d p r o p e r t i e s b e c o m p a r e d t o a n i n c r e a s e i n t h e 
N u m b e r s i n p a r e n t h e s i s i d e n t i f y i t e m s l i s t e d u n d e r R e f e r e n c e s . 
2 
e f fec t ive head. I t was demonstrated that the coef f ic ient of discharge 
can be expressed in terms of geometric ra t ios alone i f a quantity k^ is 
added to the measured head to compensate for the ef fects of v iscos i ty 
and surface tension. Subsequently, in an unpublished study (2) Shen 
concluded that the magnitude of k^ was dependent on crest thickness. 
I t i s the purpose of th is thesis to test the v a l i d i t y of Mr. Shen's 
conclusion. 
Method and Scope of Invest igat ion. - -The method used for the invest igat ion 
involved the experimental determination of the coef f ic ient of discharge 
for a weir of constant width, constant height, and var iab le crest th ick­
ness. The weir channel, weir p la te , and weir crest were constructed with 
unusual care and prec is ion. Discharges and heads were measured very 
accurately. Therefore, i t i s bel ieved that any systematic e f fect re lated 
to changes in crest thickness would have been revealed by var ia t ions in 
the experimentally determined coef f ic ient of discharge. 
The weir and weir channel used for the experiments were 1 f t wide. 
The crest of the weir was 1.5 f t above the f loor of the channel. A t o t a l 
of 11 crest thicknesses were tested, varying from "knife edged" to 
0 .432 i n . Heads, as l imited by the discharge ava i l ab le , var ied from 
0 . 0 3 3 5 to 1.1437 f t . Water temperatures var ied from 6 5 to 85° F. 
Review of the L i te ra ture . - -The f u l l - w i d t h , rectangular weir has received 
much at tent ion i n the technica l l i t e r a t u r e of hydraul ics . Among the 
c lass ic experimental investigat ions are the works of Francis ( 3 ) ; Bazin ( 4 ) , 
F te ley and Stearns ( 5 ) , and Schoder and Turner ( 6 ) . Other names, such as 
3 
H a m i l t o n S m i t h , J r . ( 7 ) ; a n d R e h b o c k ( 8 ) a r e a s s o c i a t e d w i t h w i d e l y u s e d 
f o r m u l a s . J a m e s o n ( 9 ) i s t h e o n l y p e r s o n k n o w n t o h a v e a t t e m p t e d a 
c o r r e l a t i o n o f t h e r e s u l t s o f d i f f e r e n t e x p e r i m e n t s o n t h e b a s i s o f t h e 
c r e s t t h i c k n e s s o f t h e w e i r s u s e d . O n e p u b l i c a t i o n ( l ) a n d t w o p r e v i o u s 
M a s t e r ' s d e g r e e t h e s e s ( 1 0 , 1 1 ) h a v e " b e e n b a s e d o n r e s e a r c h c o n d u c t e d a t 
t h e G e o r g i a I n s t i t u t e o f T e c h n o l o g y . 
P r e v i o u s R e s e a r c h a t G e o r g i a T e c h . - - T h e d i s c h a r g e c h a r a c t e r i s t i c s o f 
r e c t a n g u l a r n o t c h w e i r s w e r e s t u d i e d a t G e o r g i a T e c h b y J a m e s R . W e l l s ( 1 0 ) 
i n 1 9 5 3 « T h e f u l l - w i d t h w e i r w a s n o t i n v e s t i g a t e d b y M r . W e l l s . I n 
1 9 5 6 , R. W . C a r t e r ( l l ) c o n d u c t e d e x p e r i m e n t s i n a c h a n n e l o f v a r i a b l e 
w i d t h , w i t h w e i r s o f v a r i a b l e h e i g h t a n d n o t c h w i d t h . I n c l u d e d i n h i s 
e x p e r i m e n t s w e r e t e s t s o n f u l l - w i d t h w e i r s . T h e w e i r c r e s t - p l a t e u s e d 
b o t h b y M r . W e l l s a n d M r . C a r t e r w a s a s t a i n l e s s s t e e l p l a t e l / 8 i n . t h i c k , 
w i t h a f l a t , s h a r p - e d g e d c r e s t l / l 6 i n . w i d e . 
T h e r e s u l t s o f M r . C a r t e r ' s t e s t s w e r e s u b s e q u e n t l y i n c l u d e d i n a 
c o m p r e h e n s i v e p a p e r o n r e c t a n g u l a r , t h i n - p l a t e w e i r s p u b l i s h e d b y K i n d s v a t e r 
a n d C a r t e r ( l ) . I n t h i s p a p e r , t h e c o n c e p t o f " e f f e c t i v e h e a d " w a s a p p l i e d 
t o M r . C a r t e r ' s d a t a a s w e l l a s t h e o r i g i n a l e x p e r i m e n t a l d a t a o f B a z i n , 
S c h o d e r a n d T u r n e r , a n d t h e U . S . B u r e a u o f R e c l a m a t i o n . T h e p r o c e d u r e 
w a s c o n f i r m e d a s a m e a n s o f i s o l a t i n g t h e i n f l u e n c e o f w e i r a n d c h a n n e l 
g e o m e t r y f r o m t h e i n f l u e n c e o f f l u i d v i s c o s i t y a n d s u r f a c e t e n s i o n . T h u s , 
t h e e f f e c t s o f t h e f l u i d p r o p e r t i e s w e r e a p p a r e n t l y c o m p e n s a t e d f o r b y t h e 
c o n s t a n t ( k ^ ) w h i c h w a s c o m p u t e d b y s u c c e s s i v e a p p r o x i m a t i o n s a s t h e 
d i f f e r e n c e b e t w e e n t h e e f f e c t i v e h e a d a n d t h e m e a s u r e d h e a d f r o m t h e 
e x p e r i m e n t a l d a t a . 
k 
CHAPTER II 
ANALYSI OF THE PROBLEM 
Dimensional Analysis.-The ful-width, rectangular, sharp-edged weir which 
is the subject of this research can be described in terms of the width of 
the weir (b), the height of the weir (P), and the thickness of the crest 
(t). It is asumed that the width of the approach channel is equal to 
the width of the crest. The fluid properties involved in the discharge 
function are the specific weight (<T), the density ( ̂ ?), the viscosity (yU) 
and the surface tension (or-). Flow characteristics are the discharge (Q) 
and the head (h). The head is also involved as a geometric characteristic 
of the flow patern. Thus, a complete statement of the discharge function 
is represented by the equation 
= f (b, P, t, 2f , p, JUL, 6~ , h). (1) 
From this equation, a nondimensional discharge ratio can be expresed 
as a function of three geometric ratios and two fluid property ratios, 
in which R and W are the Reynolds (viscosity) and Weber (surface tension) 
numbers, respectively. 
In American engineering practice, the basic equation of discharge 
for rectangular weirs is 
Q = Cbh3/2, (3) 
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i n w h i c h C h a s t h e d i m e n s i o n s o f | / "g~. T h u s , f r o m e q u a t i o n s ( 2 ) a n d ( 3 ) , 
S i g n i f i c a n c e o f t h e G e o m e t r i c R a t i o s i n E q u a t i o n k . - - T h e h / t r a t i o i s a 
n o n - d i m e n s i o n a l m e a s u r e o f t h e t h i c k n e s s o f t h e c r e s t , w h i c h i s e q u i v a l e n t 
t o t h e r a t i o h / L u s e d t o d e s c r i b e t h e h e a d - w i d t h c h a r a c t e r i s t i c o f b r o a d -
c r e s t e d w e i r s . I n t h e p r e s e n t i n s t a n c e , h o w e v e r , t h e h / t r a t i o i s n o t 
b e l i e v e d t o b e s i g n i f i c a n t i n t h e r a n g e o f v a l u e s w h i c h i s i n v o l v e d i n 
t h e d i s c h a r g e o f a t r u l y t h i n - p l a t e o r s h a r p - e d g e d w e i r . I t i s o b s e r v e d 
t h a t e f f e c t s w h i c h h a v e b e e n a s s u m e d t o b e a s s o c i a t e d w i t h t a r e b e l i e v e d 
t o b e f l u i d - p r o p e r t y e f f e c t s . T h e r e f o r e , t h e y a r e r e p r e s e n t e d b y R a n d W 
i n e q u a t i o n 4. 
T h e h / b r a t i o c a n b e d e s c r i b e d a s a s h a p e p a r a m e t e r . O n t h e b a s i s 
o f p r e v i o u s t e s t s ( W e l l s , C a r t e r ) i t i s b e l i e v e d t o b e i n s i g n i f i c a n t o v e r 
t h e f u l l , p r a c t i c a l r a n g e o f t h e o t h e r v a r i a b l e s . 
T h e h / P r a t i o i s a p r i m a r y g e o m e t r i c r a t i o w h i c h i s a m e a s u r e o f 
t h e d e p t h - c o n t r a c t i o n c h a r a c t e r i s t i c o f t h e w e i r . T h e c o n s t a n t , r a t h e r 
l a r g e v a l u e o f P u s e d i n t h e w r i t e r ' s t e s t s i m p o s e d a l i m i t o n t h e r a n g e 
o f v a l u e s o f h / P i n v o l v e d i n t h i s r e s e a r c h a s c o m p a r e d w i t h t h e t e s t s 
m a d e b y W e l l s , C a r t e r , a n d o t h e r s . 
S i g n i f i c a n c e o f R a n d W i n E q u a t i o n 4 „ - - T h e R e y n o l d s n u m b e r , R , i s a 
m e a s u r e o f t h e r e l a t i v e i n f l u e n c e o f v i s c o s i t y . I t i s d e f i n e d b y t h e 
r a t i o 
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in which V is a typical velocity, L is a significant length, and V is the 
kinematic viscosity of the liquid. For any weir operating under a small 
head, a significant length is the head; for narrow weirs, a significant 
length is the width; and, for thick-crested weirs, a significant length 
is the thickness of the crest. Thus, for weirs in general, there are at 
least three possible forms of the Reynolds number, all of which are 
independently related to the influence of viscosity on the coefficient 
of discharge. 
The Weber number, W, is a measure of the relative influence of 
surface tension. It is defined by the ratio, 
W = (6) 
in which V is a typical velocity, L is a significant length, 0~ is the 
surface tension, and p is the density of the liquid. Here, too, possibly 
significant lengths include the head, the width of the weir, and the 
thickness of the crest. Thus, there are three possible forms of the 
Weber number just as there are three possible forms of the Reynolds num­
ber . 
For a given weir, the velocity V in equations 5 and 6 is propor­
tional to \J h. For a given liquid, 7^, <T} and ^ are essentially 
constant in the normal temperature range. The effects of both viscosity 
and surface tension have been related to the magnitudes of h, b, and t. 
Therefore, it is impossible to distinguish the separate effects of the 
two fluid properties from experiments on a single liquid. 
From the foregoing discussion of the significance of the ratios 
in equation K, it is concluded, that t/h and h/b can be excluded and, for 
7 
tests on a single liquid, R and W can be efectively replaced by the 
absolute magnitudes of h, "b, and t. Thus, for the experiments made for 
this research, 
c = f(|, h, b, t). (7) 
Of the independent variables in equation 7, only b was held constant in 
the experiments. 
Evaluation of the Influence of Viscosity and Surface Tension.-The prin­
cipal efects of viscosity on weir flow are those which are associated 
with flow patern modifcations due to boundary resistance and separation. 
The efects of surface tension are associated with the force due to 
surface tension and the flow patern modifcation due to "clinging" on 
the crest. A detailed description and discussion of these efects (ex­
clusive of efects related to variable crest thickness) are features of 
the Kindsvater-Carter paper (l). The folowing pertinent observations 
are abstracted from that paper: 
1. The combined efects of viscosity and surface tension on 
a weir of constant crest thickness can be likened to an 
increase in head and (for ful-weirs) a decrease in the 
width of the weir. 
2. The coeficient of discharge can be expressed in terms of 
geometric ratios alone if the efects of viscosity and 
surface tension are accounted for by an adjustment of 
measured values of h and b. 
3- The adjustment of h and b can be accomplished very simply with 
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t h e e q u a t i o n s 
h e = h + \ & 
a n d 
b e =
 B + V ( 9 ) 
i n w h i c h h a n d b a r e d e f i n e d a s t h e " e f f e c t i v e " v a l u e s 
e e 
o f h e a d a n d w i d t h , r e s p e c t i v e l y , a n d k ^ a n d k ^ a r e q u a n t i t i e s 
w h i c h m u s t b e d e t e r m i n e d b y e x p e r i m e n t . 
k . U s e o f t h e e f f e c t i v e h e a d a n d e f f e c t i v e w i d t h r e s u l t s i n a 
m o d i f i e d g e n e r a l d i s c h a r g e e q u a t i o n , 
Q = C b h 3 / 2 , ( 1 0 ) 
e e e 
i n w h i c h C ^ i s t r u l y a f u n c t i o n o f h / P a l o n e , 
c e = f ( h / p ) , ( 1 1 ) 
i f t h e f l u i d p r o p e r t y e f f e c t s a r e p r o p e r l y a c c o u n t e d f o r w i t h 
t h e a d j u s t m e n t f a c t o r s k ^ a n d k ^ . 
F r o m e x p e r i m e n t s o n n o t c h w e i r s c o v e r i n g a f u l l r a n g e o f v a l u e s o f 
h , b , h / P , a n d b / B ( w h e r e B i s c h a n n e l w i d t h u p s t r e a m f r o m a n o t c h w e i r ) , 
K i n d s v a t e r a n d C a r t e r c o n c l u d e d t h a t k ^ i s a c o n s t a n t f o r a g i v e n w e i r , 
b u t t h a t k ^ i s a f u n c t i o n o f b / B . F r o m t h e i r e x p e r i m e n t s o n f u l l - w i d t h 
w e i r s , k ^ i s a c o n s t a n t ( - 0 . 0 0 3 f t ) f o r a l l v a l u e s o f t h e o t h e r i n d e p e n d e n t 
v a r i a b l e s . 
V a l u e s o f k ^ d e t e r m i n e d f r o m t e s t s p e r f o r m e d b y d i f f e r e n t e x p e r i ­
m e n t e r s i n d i c a t e d t h a t t h e h e a d a d j u s t m e n t f a c t o r v a r i e s w i t h c e r t a i n 
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p h y s i c a l d e t a i l s o f t h e e x p e r i m e n t a l s e t - u p . T h u s , w h e r e a s k ^ w a s 0 . 0 0 3 
t o 0 . 0 0 4 f t f o r t h e G e o r g i a T e c h ( C a r t e r ) , S c h o d e r a n d T u r n e r , a n d B u r e a u 
o f R e c l a m a t i o n t e s t s , i t w a s d e t e r m i n e d t o b e 0 . 0 1 2 f t f o r t h e B a z i n 
t e s t s . T h e l a r g e r v a l u e o f k ^ f o r t h e B a z i n t e s t s w a s a t t r i b u t e d t o t h e 
f a c t t h a t B a z i n ' s w e i r i s g e n e r a l l y b e l i e v e d t o h a v e b e e n s o m e w h a t l e s s 
t h a n s h a r p - e d g e d a n d " t h i n . " H o w e v e r , i t i s a l s o s i g n i f i c a n t t h a t B a z i n ' s 
w e i r c r e s t w a s c o n s i d e r a b l y t h i c k e r ( 0 . 2 7 6 i n . ) t h a n t h a t u s e d b y t h e 
o t h e r i n v e s t i g a t o r s . 
A d d i t i o n a l e v i d e n c e o f a n i n d e p e n d e n t c o r r e l a t i o n b e t w e e n k ^ a n d 
t w a s d i s c o v e r e d b y S h e n ( 2 ) i n c o n n e c t i o n w i t h h i s r e a n a l y s i s o f p u b ­
l i s h e d e x p e r i m e n t a l d a t a o n t r i a n g u l a r w e i r s . F u r t h e r m o r e , o n t h e b a s i s 
o f t h e d a t a a v a i l a b l e t o h i m , S h e n c o n c l u d e d t h a t v a l u e s o f k ^ f o r 
r e c t a n g u l a r a n d t r i a n g u l a r w e i r s w e r e c o m m e n s u r a t e . T h u s , h e p l o t t e d 
a c u r v e , s h o w n h e r e a s f i g u r e 1 , w h i c h a p p e a r e d t o s u b s t a n t i a t e t h e 
a s s u m e d r e l a t i o n s h i p b e t w e e n k ^ a n d t . A s i n d i c a t e d i n t h e f i g u r e , s o m e 
o f t h e v a l u e s p l o t t e d w e r e o b t a i n e d f r o m t e s t s o n r e c t a n g u l a r w e i r s . 
O t h e r s w e r e o b t a i n e d f r o m t e s t s o n t r i a n g u l a r w e i r s . 
T h e p u r p o s e o f t h e w r i t e r ' s r e s e a r c h w a s t o t e s t t h e v a l i d i t y o f 
t h e r e l a t i o n s h i p s h o w n o n f i g u r e 1 . T r i e b a s i s f o r t h e v a l i d i t y t e s t i s 
a s y s t e m a t i c e x p e r i m e n t a l i n v e s t i g a t i o n o f t h e i n f l u e n c e o f c r e s t t h i c k ­
n e s s o n a s i n g l e k i n d o f w e i r . 
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CHAPTER I I I 
EXPERIMENTAL EQUIPMENT 
G e n e r a l . - - A l l experiments made for th is invest igat ion were made in the 
Hydraulics Laboratory, School of C i v i l Engineering, Georgia Ins t i tu te of 
Technology, At lanta, Georgia. Water was supplied to the flume from the 
laboratory's constant-head system. A gate va lve i n the supply pipe was 
used to control the discharge. The nappe was f u l l y vent i la ted and un-
submerged. The general arrangement of the equipment i s shown in f igure 2. 
The Experimental Channel.--A one-foot-wide experimental channel was con­
structed wi th in an ex ist ing, permanent, steel -and-glass flume which is 
3 f t wide, 3 f t deep, and approximately 3 0 f t long from the entrance baf­
f l e s to the t a i l g a t e . The wal ls of the experimental channel in the 
v i c i n i t y of the weir were made of l/k i n . aluminum p la te , which was 
fastened to the f loor and wal ls of the flume with s t ruc tura l angles and 
s tee l rods. Wal l braces were used as necessary to produce a r i g i d channel 
with plane, smooth, v e r t i c a l , and p a r a l l e l w a l l s . Upstream from the 
aluminum-plate w a l l s , which extended 6 f t upstream from the weir , the 
channel wal ls were made of 3A i n . exterior-grade plywood.. S t e e l sheets 
which were ro l led i n the form of a quadrant of a c i r c u l a r cyl inder were 
attached to the upstream end of the wooden wal ls to provide a stream­
l ined entrance to the experimental channel. At the weir , the aluminum 
w a l l plates were made to project past the weir p late a distance of k i n . 
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T h e b o t t o m o f t h e p r o j e c t i o n w a s a t t h e l e v e l o f t h e w e i r c r e s t . F i g u r e s 
2 a n d 3 s h o w t h e e x p e r i m e n t a l c h a n n e l a n d w e i r i n t h e f l u m e . 
G r e a t c a r e w a s t a k e n t o p r o d u c e a u n i f o r m v e l o c i t y d i s t r i b u t i o n 
a t t h e e n t r a n c e t o t h e e x p e r i m e n t a l c h a n n e l . D e v i c e s u s e d t o a c c o m p l i s h 
t h i s i n c l u d e d a c o m p l e x o f b a f f l e s a n d s c r e e n s i n t h e f o r e b a y o f t h e 
f l u m e a n d a s u r f a c e f l o a t i n t h e e x p e r i m e n t a l c h a n n e l a t t h e e n t r a n c e . 
V e l o c i t y d i s t r i b u t i o n s i n t h e c h a n n e l w e r e m e a s u r e d w i t h a s t a n d a r d 
U . S . G . S . P y g m y c u r r e n t m e t e r . T h e r e s u l t s o f a t y p i c a l m e a s u r e m e n t w i t h 
t h e f i n a l b a f f l e a n d f l o a t a r r a n g e m e n t a r e s h o w n i n t a b l e 1 . T h e v e l o c i t y 
d i s t r i b u t i o n w a s c h e c k e d p e r i o d i c a l l y t h r o u g h o u t t h e i n v e s t i g a t i o n . 
T h e W e i r . - - T h e b a s i c w e i r b u l k h e a d w a s a l / 4 - i n . t h i c k a l u m i n u m p l a t e 
w h i c h w a s b o l t e d t o t h e f l o o r a n d f r a m e o f t h e f l u m e a n d t h e w a l l s o f t h e 
e x p e r i m e n t a l c h a n n e l . T h e c r e s t w a s a b a r o f l a m i n a t e d b r a s s s t r i p s w h i c h 
w a s b o l t e d t o t h e t o p o f t h e b u l k h e a d . T o m a k e t h e c r e s t , s t r i p s w e r e 
s a w e d f r o m a s h e e t o f p o l i s h e d b r a s s a p p r o x i m a t e l y 0 . 0 2 4 i n . t h i c k . A 
n u m b e r o f t h e s t r i p s a g g r e g a t i n g a b o u t l / 2 i n . t h i c k n e s s w e r e t h e n 
l a m i n a t e d u n d e r p r e s s u r e w i t h a " L u c i t e " p l a s t i c c e m e n t . A f t e r t h e c e m e n t 
w a s a l l o w d t o h a r d e n f o r s e v e r a l d a y s , t h e l a m i n a t e d b a r w a s c l a m p e d o n 
t h e f l a t b e d o f a t o o l - m a k e r ' s h i g h - s p e e d g r i n d e r , a n d o n e e d g e w a s c u t 
d o w n t o a s m o o t h , p l a n e s u r f a c e w i t h a c a r b i d e - t i p p e d b l a d e . T h i s s u r f a c e 
w a s t h e t o p s u r f a c e o f t h e r e i r c r e s t . 
B e f o r e t h e b a r w a s a t t a c h e d t o t h e w e i r p l a t e , s e v e r a l o f t h e 
l a m i n a e w e r e s t r i p p e d f r o m t h e f a c e o f t h e b a r w h i c h w a s i n t e n d e d t o b e ­
c o m e t h e u p s t r e a m f a c e o f t h e c r e s t . T h e r e s u l t w a s t o p r o d u c e a n i d e a l l y 
s h a r p , s q u a r e u p s t r e a m e d g e . T h e b a r w a s t h e n b o l t e d t o t h e w e i r p l a t e . 
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Thereafter, as the tests proceeded, the crest was made successively 
thinner by str ipping addit ional laminae from the downstream face of the 
bar. The str ipping process did not require that the bar be removed 
from the weir p la te . Thus, i t was possible to change the thickness of 
the crest without disturbing or even touching the c r i t i c a l upstream 
face and edge of the c res t . The method used to construct the weir 
crest is bel ieved to be idea l ly suited to the purpose of th is research. 
Figure k i s a close-up of the weir crest in the test set-up. Figure 5 
shows a lamina being stripped from the crest to change i t s thickness. 
The weir crest used for the l a s t tes t ser ies (number l l ) was 
"knife edged." To produce th is c res t , the l a s t remaining lamina of 
the crest bar was f i l e d to a knife edge with the s t r ip in place on the 
weir bulkhead. The crest s t r i p was "backed up" with a stra ight edge 
in order to provide r i g i d i t y during the f i l i n g process. A very f i n e -
tooth f i l e was used, and the f i l i n g was done by an experienced laboratory 
technic ian. A l l of the f i l i n g was done on the downstream edge of the 
crest s t r i p . Thus, the upstream face remained plane and smooth. 
Dimensional Measurements.--Weir dimensions which had to be measured very 
accurately are the width of the weir ( that i s , the width of the channel 
in the plane of the weir) and the thickness of the c res t . Much less 
c r i t i c a l i s the height of the weir , which i s measured with respect to 
the l e v e l of the bottom of the experimental channel. I t i s s u f f i c i e n t l y 
accurate for a l l purposes to take the height of the weir to be 1.5 f t . 
The width of the weir was measured with an inside micrometer. The 
value used as b in a l l computations was determined as the average of 
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measurements made at 6 equally spaced v e r t i c a l posit ions on each of 3 
sect ions. One section was in the plane of the upstream face of the weir 
c res t . The other two were located in planes which were 1 . 5 i n . upstream 
and downstream, respect ive ly , from the plane of the weir . A t y p i c a l , 
complete set of measurements to determine "b i s shown i n table 2 . The 
average value of b obtained from these measurements was 1 . 0 0 0 f t . The 
width of the crest was checked per iod ica l l y , but the measurements did 
not vary appreciably from the'values shown in table 2 . 
The thickness of the crest was measured with a micrometer ca l iper . 
The value used as t in the analysis of the experimental data i s the 
average of 5 measurements made at the ends, middle, and quarter points 
of the c res t . Measurements were made before and a f ter each test ser ies , 
and the resul ts are summarized in table 3 » 
Headwater Measurements.--The headwater l e v e l was measured with a zero-
displacement manometer which was mounted on the frame of the flume. The 
manometer was connected to a pa i r of piezometers located opposite each 
other in the aluminum-plate wal ls of the experimental channel. The 
piezometers, as shown in f igure 2 , ws-re 1 f t above the f loor and 3 * 5 f t 
upstream from the weir p la te . The manometer was zeroed to the crest of 
the weir by means of an engineer's l e v e l and a specia l target rod. Figure 
6 i s a close-up photograph of the back-l ighted needle point and s t i l l i n g 
we l l which are s ign i f icant features of the manometer. 
Discharge Measurements.--Discharges were measured with the laboratory 's 
semi-automatic weighing-tank system. The o v e r a l l accuracy of the 
equipment is believed to be such that the discharge measurements are at 
least correct to the nearest one-half of one per cent. A general view 




EXPERIMENTAL PROCEDURE AND RESULTS 
Experimental Procedure.--The primary purpose of the writer's tests was 
to evaluate the influence of weir-crest thickness in terms of effects 
which have "been attributed to the influence of viscosity and surface 
tension. It was anticipated that those effects would be revealed by 
an independent but different correlation between C and h for each 
crest thickness tested. Therefore, the standard test procedure used 
for the 11 test series (table 3) involved the measurement of discharge 
and head for a full range of heads as limited by the available flow. 
Initial tests indicated an apparent correlation between C and 
the test sequence; that is, C appeared to depend somewhat on whether 
the discharge was being increased or decreased during the test sequence. 
However, it was also demonstrated that, at the lower values of h, tests 
made at different times, regardless of sequence, would give different 
values of C. This led to the assumption that the differences in C 
could be related to changes in temperature or changes in the experi­
mental equipment, including the cleanliness of the crest. Consequently, 
the test procedure was modified to include frequent, regular inspection 
for leaks or changes in dimension; cleaning of the baffles at the 
entrance to the test channel; cleaning of the crest with carbon tetra­
chloride; flushing of the manometer; and measurement of water temperature 
with a thermometer permanently located at the entrance to the channel. 
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T h e t o t a l e f f e c t o f t h e s e p r e c a u t i o n s w a s t o d e c r e a s e b u t n o t t o p r e v e n t 
a v a r i a t i o n i n v a l u e s o f C a t l o w e r v a l u e s o f h . I t i s e m p h a s i z e d t h a t 
t h e l a r g e r v a r i a t i o n s w e r e a s s o c i a t e d w i t h d i f f e r e n c e s i n t h e t i m e o f 
o b s e r v a t i o n . T h u s , a c o m p l e t e s e r i e s o f m e a s u r e m e n t s m a d e o v e r a p e r i o d 
o f s e v e r a l d a y s w a s m o r e l i k e l y t o s h o w a c o n s i d e r a b l e d i s p a r i t y i n l o w -
h e a d v a l u e s o f C t h a n w a s a s e r i e s w h i c h w a s c o m p l e t e d i n a s i n g l e d a y . 
E x p e r i m e n t a l R e s u l t s . - - A s u m m a r y o f t h e r e s u l t s o f t h e e x p e r i m e n t s i s 
s h o w n i n t a b l e s 4 t o 1 4 , i n c l u s i v e . H e a d s a n d d i s c h a r g e s s h o w n a r e t h e 
a v e r a g e o f s e v e r a l m e a s u r e m e n t s . T e m p e r a t u r e s w e r e m e a s u r e d a t t h e 
b e g i n n i n g , m i d d l e , a n d e n d o f e a c h r u n . V a l u e s o f t h e s p e c i f i c w e i g h t 
o f w a t e r u s e d t o c o n v e r t w e i g h t m e a s u r e m e n t s t o d i s c h a r g e w e r e d e t e r m i n e d 
f r o m a c h a r t w h i c h t o o k i n t o a c c o u n t l o c a l g r a v i t y a s w e l l a s t e m p e r a t u r e . 
T h e w i d t h o f t h e w e i r ( b ) w a s t a k e n t o b e 1.000 f t , a n d t h e h e i g h t o f t h e 
w e i r w a s t a k e n t o b e 1 .5 f t f o r a l l t e s t s . 
V a l u e s o f C s h o w n i n t a b l e s 4 t h r o u g h 1 4 w e r e c o m p u t e d w i t h t h e 
e q u a t i o n , 
i n w h i c h Q, b , a n d h a r e t h e u n a d j u s t e d , m e a s u r e d v a l u e s . V a l u e s o f C 
w e r e c o m p u t e d f r o m t h e e q u a t i o n 
C - (M 372 ' 
C 
e 572 ' (12) 
e 
i n w h i c h 
h 
e 
( 8 ) 
1 7 
is the adjusted, "effective" head, hut b is the measured value of weir 
width. Values of k^ used to compute h are shown as a footnote in the 
summary tables. The procedure used to evaluate k is explained below. 
1 8 
CHAPTER V 
ANALYSIS AND DISCUSSION OF RESULTS 
Influence of h on C.--Figures 8 to 1 2 , inclusive, show values of C 
plotted as a function of h for five series of tests which cover the 
full range of crest thicknesses tested. The curves show a characteris­
tic minimum value of C at a head of about 0 . 2 ft, with higher values at 
both smaller and larger heads. Maximum scatter of the plotted points 
o c c u r s a t t h e s m a l l e r h e a d s . T h i s s c a t t e r i s " b e l i e v e d "to b e c a u s e d 
partly by the fact that the relative accuracy of the measurements de­
creases as h decreases. It is also caused partly by the small, un­
explained changes which occurred during the period required to complete 
the test on a given weir. Actually, in terms of relative accuracy, the 
average deviations from a mean curve are not excessive. 
The positive slope of the curves (figures 8 through 1 2 ) at heads 
greater than about 0 . 2 ft is indicative of the normal relationship between 
C and h/P. In fact, because P is a constant for all the tests, plots of 
C versus h/P would be similar to the corresponding plots of C versus h 
shown in these figures. 
The negative slope of the curves at heads less than 0 . 2 ft is 
generally believed to be related to the influence of viscosity and sur­
face tension, the effects of which have been compared with the effects 
of an increase in head. The influence of the fluid properties is present 
at all heads, of course, but the relative effect increases as head decrease 
1 9 
a n d i t i s a p p r e c i a b l e o n l y a t t h e v e r y s m a l l v a l u e s o f h . 
E v a l u a t i o n o f k ^ a n d C ' . - - I n t h e K i n d s v a t e r - C a r t e r p a p e r ( l ) i t i s d e m o n ­
s t r a t e d t h a t t h e f l u i d - p r o p e r t y i n f l u e n c e c a n b e e f f e c t i v e l y " r e m o v e d " 
f r o m t h e c o e f f i c i e n t o f d i s c h a r g e b y a n e m p i r i c a l p r o c e d u r e w h i c h m a k e s 
u s e o f t h e e f f e c t i v e - h e a d c o n c e p t ( e q u a t i o n 8 ) . T h e r e s u l t i s a c o ­
e f f i c i e n t , C , w h i c h i s a f u n c t i o n o * h / P a l o n e ( e q u a t i o n l l ) . F o r t h e 
w r i t e r ' s t e s t s , a n a l t e r n a t i v e c o e f f i c i e n t , C g , w a s d e f i n e d i n e q u a t i o n 
1 2 . T h i s c o e f f i c i e n t i s s i m i l a r t o 0 e x c e p t t h a t i t i n v o l v e s t h e 
e * 
m e a s u r e d w i d t h i n s t e a d o f t h e e f f e c t i v e w i d t h . B e c a u s e b w a s a c o n s t a n t 
i n t h e s e t e s t s , k ^ c o u l d n o t b e e v a l u a t e d . I f t h e r e s u l t s o f C a r t e r ' s 
t e s t s a r e u s e d , t h e i n f l u e n c e o f k ^ f o r b = 1 . 0 f t i s e q u i v a l e n t t o a 
d i f f e r e n c e o f a p p r o x i m a t e l y 0 . 3 p e r c e n t b e t w e e n C g a n d C ' . T h i s a l ­
m o s t n e g l i g i b l e d i f f e r e n c e i s n o t s i g n i f i c a n t i n r e l a t i o n t o t h e p r i n c i p a l 
r e s e a r c h o b j e c t i v e - - t h a t i s , t o d e t e r m i n e w h e t h e r a n i n d e p e n d e n t c o r r e ­
l a t i o n e x i s t s b e t w e e n k ^ a n d c r e s t t h i c k n e s s . 
T h e q u a n t i t y k ^ w a s e v a l u a t e d f r o m t h e e x p e r i m e n t a l d a t a b y a 
t r i a l p r o c e d u r e . F o r a s e r i e s o f t e s t s i n w h i c h h w a s t h e p r i n c i p a l 
v a r i a b l e , k ^ w a s d e t e r m i n e d b y s u c c e s s i v e a p p r o x i m a t i o n s a s t h e q u a n t i t y 
w h i c h w o u l d e f f e c t i v e l y e l i m i n a t e a n y c o r r e l a t i o n b e t w e e n C ' a n d h i n a 
p l o t o f e x p e r i m e n t a l d a t a s h o w i n g C ' a s a f u n c t i o n o f h / P . I n t h e 
K i n d s v a t e r - C a r t e r p a p e r , t h e p r o c e s s i s v e r y e f f e c t i v e l y i l l u s t r a t e d 
w i t h f i g u r e s b a s e d o n t h e S c h o d e r a n d T u r n e r a n d B a z i n d a t a . I t w a s 
a l s o d e m o n s t r a t e d i n t h a t p a p e r t h a t t h e r e l a t i o n s h i p b e t w e e n C^ a n d h / P 
i s c o n v e n i e n t l y a p p r o x i m a t e d b y a n e q u a t i o n o f t h e s t r a i g h t - l i n e f o r m . 
T h u s , a n i n c i d e n t a l c r i t e r i o n f o r t h e e v a l u a t i o n o f k ^ i s a s t r a i g h t - l i n e 
r e l a t i o n s h i p b e t w e e n C ' a n d h / p . 
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F i g u r e s 13 t h r o u g h 23 s h o w t h e r e s u l t s o f t h e c o m p u t a t i o n s w h i c h 
r e s u l t e d i n t h e d e t e r m i n a t i o n o f k ^ a n d C ' f o r e a c h o f t h e 11 w e i r s 
( t h a t i s , 11 c r e s t t h i c k n e s s e s ) t e s t e d b y t h e w r i t e r . T h e s t r a i g h t - l i n e 
c u r v e s s h o w n o n t h e f i g u r e s w e r e f i t t e d v i s u a l l y t o t h e p l o t t e d p o i n t s . 
A l l t h e c u r v e s a r e s h o w n f o r c o m p a r i s o n o n f i g u r e 2k. F i g u r e 25 s h o w s 
C ' a s a f u n c t i o n o f t f o r t w o v a l u e s o f h / P . T h e v a l u e s p l o t t e d o n 
f i g u r e 25 w e r e r e a d f r o m t h e s t r a i g h t l i n e c u r v e s o n f i g u r e s 13 t h r o u g h 
2 3 . 
I t i s a p p a r e n t f r o m f i g u r e s 2k a n d 25 t h a t C g ' i s v i r t u a l l y i n ­
d e p e n d e n t o f c r e s t t h i c k n e s s i n t h e r a n g e o f v a l u e s u s u a l l y s p e c i f i e d 
f o r s t a n d a r d w e i r s . I n f a c t , i f t h e c u r v e f o r t e s t s e r i e s 1 ( t = 0 . 4 3 2 i n . ) 
i s e x c l u d e d , t h e r e m a i n i n g c u r v e s o n f i g u r e 2k s h o w a m a x i m u m d i f f e r e n c e 
o f a b o u t 0 . 3 p e r c e n t ( i n t e r m s o f G ' ) o v e r t h e f u l l r a n g e o f v a l u e s o f 
h / P t e s t e d . T h u s , t h e a v e r a g e d e v i a t i o n f r o m t h e m e a n s h o w n b y t h e 
c u r v e s i n f i g u r e 25 c o r r e s p o n d s t o a n o r d e r o f a c c u r a c y w h i c h i s m u c h 
h i g h e r t h a n t h a t w h i c h i s o r d i n a r i l y e x p e c t e d o f w e i r s . I t i s e m p h a s i z e d , 
h o w e v e r , t h a t t h e c u r v e s s h o w n i n f i g u r e 25 a r e b a s e d o n t h e " b e s t - f i t " 
v a l u e s o f k ^ j t h a t i s , v a l u e s o f k ^ w h i c h w e r e d e t e r m i n e d b y s u c c e s s i v e 
a p p r o x i m a t i o n s t o g i v e t h e b e s t - f i t t i n g s t r a i g h t l i n e c u r v e s i n f i g u r e s 
13 t h r o u g h 2 3 . 
A c o m p a r i s o n o f t h e r e s u l t s o f t e s t s m a d e o n t h e s e r i e s 11 w e i r 
( k n i f e - e d g e d ) w i t h t h e r e s u l t s o f t e s t s m a d e o n t h e s e r i e s 1 t o 10 w e i r s 
i n d i c a t e s t h a t t h e " c l i n g i n g " p h e n o m e n o n a s s o c i a t e d ( l ) w i t h f l a t - t o p p e d 
c r e s t s i s o f n e g l i g i b l e s i g n i f i c a n c e . 
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R e l a t i o n " b e t w e e n k ^ a n d t . - - V a l u e s o f k ^ u s e d f o r t h e c u r v e s s h o w n i n 
f i g u r e 2 5 v a r i e d f r o m 0 . 0 0 2 5 t o 0 . 0 0 4 0 f t . T h e s e v a l u e s a r e p l o t t e d a s 
a f u n c t i o n o f t i n f i g u r e 2 6 . T h e r e s u l t s s h o w l i t t l e o r n o c o r r e l a t i o n 
b e t w e e n k ^ a n d t . A l s o s h o w n i n f i g u r e 2 6 i s t h e c u r v e s u g g e s t e d b y 
S h e n ( f i g u r e l ) . I t i s a p p a r e n t t h a t t h e w r i t e r ' s t e s t s d o n o t c o n f i r m 
M r . S h e n ' s h y p o t h e s i s . 
T h e d i f f e r e n t v a l u e s o f k ^ d e t e r m i n e d f o r t h e d i f f e r e n t w e i r s 
t e s t e d i s b e l i e v e d t o i n d i c a t e s l i g h t , n o n r e p r o d u c i b l e d i f f e r e n c e s i n 
p h y s i c a l d e t a i l s o f t h e w e i r o r w e i r c h a n n e l . T h i s l e a d s t o t h e c o n ­
c l u s i o n t h a t , f o r p r a c t i c a l p u r p o s e s , a c o n s t a n t v a l u e o f k ^ c o u l d b e 
u s e d f o r t h e f u l l r a n g e o f v a l u e s o f t c o v e r e d b y t h e w r i t e r ' s e x p e r i ­
m e n t s . T h e e f f e c t o f u s i n g a c o n s t a n t , a v e r a g e v a l u e o f k ^ i s s h o w n i n 
f i g u r e 2 7 . H e r e C ' , c o m p u t e d o n t h e b a s i s o f k ^ = 0 . 0 0 3 0 f t f o r a l l 
t e s t s , i s s h o w n a s a f u n c t i o n o f h / P . T h e c u r v e s i n t h e f i g u r e a r e 
c o m p a r a b l e w i t h t h e c u r v e s i n f i g u r e 2 4 . T h e s p r e a d i n v a l u e s o f C ' 
s h o w n i n f i g u r e 2 7 i s a m a x i m u m a t s m a l l v a l u e s o f h / P . T h i s i s c o n ­
s i s t e n t w i t h t h e o b s e r v a t i o n t h a t t h e e x p e r i m e n t a l e r r o r a n d t h e e f f e c t s 
o f s m a l l d i f f e r e n c e s i n p h y s i c a l d e t a i l s i n c r e a s e a s h d e c r e a s e s . O v e r 
t h e f u l l r a n g e o f v a l u e s o f h / P s h o w n i n f i g u r e 2 7 , t h e a v e r a g e d e v i a t i o n 
f r o m a m e a n c u r v e i s a l m o s t t w i c e t h a t s h o w n i n f i g u r e 2 4 . H o w e v e r , 
d e v i a t i o n i s s t i l l w e l l w i t h i n t h e l i m i t s o f a c c u r a c y e x p e c t e d o f s t a n d a r d 
w e i r s . 
C o m p a r i s o n w i t h o t h e r I n v e s t i g a t o r s . - - - T h e t h i c k n e s s o f t h e c r e s t o f t h e 
w e i r u s e d i n t h e W e l l s a n d C a r t e r t e s t s w a s n o m i n a l l y l / l 6 o r 0 . 0 6 2 i n . 
T h e n e a r e s t e q u i v a l e n t a m o n g t h e w r i t e r ' s w e i r s w a s t h e w e i r u s e d f o r 
2 2 
t e s t s e r i e s 8 ( t = 0 . 0 7 2 i n . ) . I n o r d e r t o c o m p a r e t h e r e s u l t s o f t h e 
t e s t s o n t h e t w o w e i r s , v a l u e s o f C ' o b t a i n e d f r o m t e s t s e r i e s 8 w e r e 
. e . 
a d j u s t e d t o o b t a i n v a l u e s o f C , u s i n g k ^ = - 0 . 0 0 3 0 f t f r o m t h e r e s u l t s 
o f M r . C a r t e r ' s t e s t s . T h e c o m p a r i s o n i s s h o w n i n f i g u r e 2 8 . A l s o 
s h o w n a r e c u r v e s b a s e d o n t h e S c h o d e r a n d T u r n e r t e s t s a n d t h e 1 9 2 9 
R e h b o c k f o r m u l a , w h i c h a r e d e s c r i b e d i n r e f e r e n c e ( l ) . 
F i g u r e 2 8 s h o w s t h a t , i n c o m p a r i s o n w i t h a l l t h e o t h e r c u r v e s , 
t h e c u r v e b a s e d o n t h e w r i t e r ' s t e s t s g i v e s l o w e r v a l u e s o f C a t s m a l l 
0 e 
v a l u e s o f h / P a n d h i g h e r v a l u e s o f C g a t l a r g e r v a l u e s o f h / P . T h e 
m a x i m u m d i f f e r e n c e b e t w e e n M r . ' C a r t e r ' s c u r v e a n d t h e w r i t e r ' s c u r v e 
i s a b o u t 1 p e r c e n t . T h i s c o m p a r i s o n i s b e l i e v e d t o b e a d d i t i o n a l 
e v i d e n c e t o s u p p o r t t h e s t a t e m e n t , " t h e r e s u l t s o f e x p e r i m e n t s 
m a d e b y d i f f e r e n t , c a p a b l e i n v e s t i g a t o r s d o n o t a g r e e , a n d f o r m u l a s 
b a s e d o n a p a r t i c u l a r s e t o f d a t a r e f l e c t t h e i n d i v i d u a l c h a r a c t e r i s t i c s 
o f t h o s e d a t a . F o r t h i s r e a s o n , t o o , a t r u l y r e p r o d u c i b l e , s t a n d a r d 
m e a s u r i n g w e i r a n d a p r e c i s e , u n i v e r s a l d i s c h a r g e f o r m u l a a r e i m ­
p r a c t i c a l " ( l ) . 
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T a b l e 1. V e l o c i t y D i s t r i b u t i o n i n t h e E x p e r i m e n t a l C h a n n e l 
V e l o c i t y ( f p s ) 
D e p t h b e l o w 
W a t e r S u r f a c e ( f t ) S e c t i o n 1 S e c t i o n 2 S e c t i o n 3 
0 . 1 6 8 1 . 4 9 1 . 4 0 1 .41 
O . 3 6 8 1 . 5 0 1 . 4 4 1 .40 
O . 5 6 8 1 . 4 6 1 .45 1 . 4 4 
0 . 7 6 8 1 . 4 4 1 . 4 4 1 . 4 4 
0 . 9 6 8 1 . 4 3 1 . 4 6 1 . 4 6 
1 . 1 6 8 1 . 4 8 1 . 5 0 1 . 5 4 
1 . 3 6 8 1 . 4 9 1 .51 1 . 5 6 
1 . 5 6 8 1 . 4 8 1 .51 1 . 5 9 
1 . 7 6 8 1 . 4 4 1 .50 1-55 
1 . 9 6 8 1 . 5 0 1 . 5 2 1-55 
2 . 1 6 8 1 . 5 6 1 .55 1 .55 
2 . 3 6 8 1 . 5 2 1 . 5 2 1 .50 
A l l m e a s u r e m e n t s m a d e ; a t a s t a t i o n 9 T b u p s t r e a m f r o m t h e w e i r . 
L o o k i n g d o w n s t r e a m , s e c t i o n 1 i s 2 i n . f r o m l e f t w a l l , s e c t i o n 2 i s o n 
c e n t e r l i n e , a n d s e c t i o n 3 i s 2 i n . f r o m r i g h t w a l l . D i s c h a r g e i s 3 « 9 2 c f s , 
c o r r e s p o n d i n g t o h e a d o f 1 . 0 7 f t . 
2 7 
Table 2 . Measurement of Flume Width (b). 
Distance between Channel Walls (in.) 
Distance above Station 1 Station 2 Station 3 
Crest Level (in.) A B A B A B 
l 1 2 . 0 0 2 1 2 . 0 0 3 1 1 - 9 9 7 1 1 - 9 9 7 1 1 . 9 9 8 1 1 . 9 9 7 
3 II.99U 11.996 1 1 . 9 8 9 1 1 . 9 8 9 1 1 . 9 9 8 1 1 . 9 8 7 
5 11.992 11.991 1 1 . 9 8 6 1 1 . 9 8 5 11.985 11.985 
7 1 1 . 9 9 6 1 1 . 9 9 8 1 1 . 9 9 1 1 1 - 9 9 1 1 1 . 9 9 1 1 1 . 9 9 2 
9 1 2 . 0 0 6 1 2 . 0 0 8 1 2 . 0 0 0 1 2 . 0 0 0 1 2 . 0 0 0 1 2 . 0 0 0 
1 1 1 2 . 0 0 2 1 2 . 0 0 3 1 2 . 0 0 0 1 2 . 0 0 1 1 2 . 0 0 6 1 2 . 0 0 6 
Station 2 is in the plane of the upstream face of the crest; 
station 1 is 1 - 5 in. upstream from station 2 , and station 3 is 1 . 5 in-
downstream from station 2 . (A) indicates flume is empty, and (b) 
indicates flume is filled to level of crest during measurement. Value 
of b determined from these measurements ^ 1 1 . 9 9 5 in. or 1 . 0 0 0 ft. 
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Table 3- Measurement of Crest Thickness (t) 
Thickness of Weir Crest (in.) ! 
Test Series Left End Quarter Pt Center Quarter Pt. Right End Average t 
1 0 . 4 3 0 8 
0 . 4 3 1 3 
0 . 4 3 2 2 
0 . 4 3 2 1 
0 . 4 3 2 7 
0 . 4 3 2 5 
0 . 4 3 1 0 
0 . 4 3 1 0 
0 . 4 3 1 6 
0 . 4 3 1 5 







0 . 3 5 9 2 
0 . 3 5 9 1 
0 . 3 6 0 1 
0 . 3 6 0 0 
0 . 3 5 9 7 
0 . 3 6 0 0 
0 . 3 5 8 1 
0 . 3 5 8 0 
0 . 3 5 9 
3 0 . 2 8 6 5 
0 . 2 8 6 5 
0 . 2 8 7 5 
0 . 2 8 7 2 
0 . 2 8 8 5 
0 . 2 8 8 0 
0 . 2 8 7 0 
0 . 2 8 7 1 
0 . 2 8 8 0 
0 . 2 8 7 2 
0 . 2 8 7 
4 0 . 2 1 5 5 
0 . 2 1 5 0 
0 . 2 1 5 5 
0 . 2 1 6 2 
O . 2 1 6 5 
0 . 2 1 6 2 
0 . 2 1 5 5 
0 . 2 1 5 0 
0 . 2 1 5 5 • 
0 . 2 1 5 5 
0 . 2 1 5 
LPs 0 . 1 6 7 2 
0 . 1 6 6 9 
0 . 1 6 8 4 
0 . 1 6 8 2 
0 . 1 6 8 1 
0 . 1 6 8 3 
0 . 1 6 7 0 
0 . 1 6 7 0 
0 . 1 6 8 0 
O . I 6 7 9 
0 . 1 6 8 
6 0 . 1 1 9 5 
0 . 1 1 9 8 
0.1207 
0 . 1 2 1 3 
0 . 1 2 0 0 
0 . 1 2 1 0 
0 . 1 1 9 3 
0 . 1 1 9 8 
0 . 1 2 0 0 
0 . 1 2 0 6 
0 . 1 2 0 
7 0 . 0 9 6 2 
0 . 0 9 5 9 
0 . 0 9 6 6 
0 . 0 9 6 8 
0 . 0 9 6 3 
0 . 0 9 6 0 
0 . 0 9 5 9 








0 . 0 7 1 7 
O.O72I 
0 . 0 7 1 0 
0 . 0 7 1 8 
0 . 0 7 2 2 
0 . 0 7 2 2 
0 . 0 7 2 
9 0 . 0 4 8 0 
0 . 0 4 8 2 
0 . 0 4 8 2 
0 . 0 4 8 3 
0 . 0 4 7 8 
0 . 0 4 7 8 
0 . 0 4 7 1 
0 . 0 4 7 1 
0 . 0 4 8 0 
0 . 0 4 8 1 
0 . 0 4 8 
10 0 . 0 2 4 0 
0 . 0 2 4 1 
0 . 0 2 3 3 
0 . 0 2 3 3 
0 . 0 2 3 3 
0 . 0 2 3 3 
0 . 0 2 3 0 
0 . 0 2 3 1 
0 . 0 2 2 8 
0 . 0 2 2 7 
0 . 0 2 3 
11 (Knife edged) 
Average of measurements made before and after the test series. 
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Table 4. Summary of Test Results, Test Series 1 
Run Temperature Head (h) h/P Discharge (Q) C C* 
(°F) (ft) (cfs) 
1 77-0 , 0.5370 0.358 1-333 3 388 3 360 
2 77-0 0.4817 0.321 1.127 3 371 3 336 
3 77-0 0.4300 0.287 O.946 3 353 3 319 4 77-0 0.3692 0.246 0.7̂8 3 331 3 294 
5 77-5 0.3051 0.203 0.558 3 310 3 263 
6 78.0 0.2408 0.160 0.389 3 288 3 224 
7 78.0 0.1615 0.108 0.214 3 301 3 195 CO 78.0 0.1013 Q.068 0.107 3 .315 3 •191 
9 78.o' O.0905" 0.060 O.O906 3 325 3 146 10 78.0 0.0820 0.055 0.0785 3 3̂0 3 165 
11 78.O O.0770 0.051 0.0715 3 3k3 3 165 12 78.O O.0698 0.047 O.0634 3 441 3 218 13 78.O O.0650 0.043 0.0555 3 3̂0 3 133 14 78.O 0.0720 0.048 ' O.0674 3 492 3 287 15 78.O 0.1110 Q.07̂  0.126 3 404 3 272 16 78.O 0.2008 0.134 0.299 3 329 3 252 17 78.O 0.2700 0.180 O.467 3 326 3 272 18 79-0 0.3770 0.251 0.774 3 3̂5 3 306 
19 79-0 0.5560 0.377 1.407 3 393 3 367 
20 79-0 0.6360 0.424 1.736 3 422 3 398 
21 79.0 0.7626 0.508 2.305 3 46l 3 438 
22 79-0 0.8850 0.590 2.921 3 508 3 490 
23 79.0 0.1760 0.117 0.243 3 287 3 209 
2k 79-0 0.1077 0.072 0.118 3 327 3 179 
25 79-0 0.1532 Q.102 0.200 3 33^ 3 248 
26 79.0 0.1132 0.075 0.128 3 362 3 243 
27 79-0 0.1335 O.O89 0.162 3 313 3 192 
28 79-0 0.2005 0.134 O.296 3 296 3 212 29 80.0 0.2805 CI.I87 0.492 3 308 3 246 
30 80.0 0.4035 SD. 269 O.856 ' 3 3kl 3 298 31 80.0 1.0570 O.705 3.872 3 563 3 548 
t = 0.432 in., 1̂  = 0 . 0 0 3 0 ft. 
30 







(Q) C c' 
e 
1 79-0 0.0940 O.063 0.0952 3 307 3.153 
2 79-0 0.1030 O.069 0.109 3 292 3.158 on 79-5 0.1725 0.115 0.235 3 280 3.187 4 79-5 0.2648 0.177 0.448 3 291 3.233 Lf\ 79-5 0.3335 0.223 O.638 3 312 3.262 6 8o.o 0.4350 0.290 0.954 3 325 3.292 7 80.0 0.5440 0.363 1.351 3 367 3.339 CO 80.0 O.652O 0.435 1.79̂  3 408 3-384 
9 79-5 O.763O 0.509 2.292 3 439 3-419 10 79-0 0.8743 0.583 2.848 3 484 3.468 
n 79-0 0.9787 O.562 3.408 3 520 3.502 12 79-0 1.1190 0.746 4.229 3 573 3.558 13 78.0 0.4553 0.304 1.029 3 3^8 3.319 14 78.O O.6705 0.447 1.877 3 420 3.393 
15 78.O 0.5480 0.365 I.368 3 373 3.346 
16 77.5 0.3550 0.237 O.707 3 340 3.300 17 77-5 0.2910 0.194 0.524 3 3^0 3.289 
18 77.5 0.2330 0.155 0.37̂  3 326 3.265 
19 77.5 0.1520 0.101 0.197 3 326 3.233 20 77-5 0.0968 0.064 O.0982 3 262 3.109 21 78.O 0.0800 0.053 0.0742 3 284 3.105 
22 79-0 0.0920 0.061 0.0942 3 375 3.214 
23 79.0 0.1360 0.091 O.166 3 297 3.196 24 79.0 0.2082 0.139 0.312 3 286 3.219 
25 79.0 0.3115 0.208 0.574 3 299 3-244 
26 79-0 0.4370 0.291 O.965 3 339 3.305 
27 79-5 0.5903 0.394 1.529 3 370 3.3^4 28 79-5 0.5908 0.514 1.531 3 ^37 3.416 
29 79-5 0.7708 0.394 2.326 3 370 3-348 
30 79-5 0.8855 0.590 2.893 3 472 3.451 
*t = O.359 in., fe^ == 0.030 ft 
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T a b l e 6 . S u m m a r y o f T e s t R e s u l t s , T e s t S e r i e s 3 
R u n T e m p e r a t u r e H e a d ( h ) h / P d i s c h a r g e ( Q ) C c ' 
( ° F ) ( f t ) ( c « ) 
7 8 
7 8 




7 9 . 
7 9 . 
7 9 . 
7 9 . 
7 9 . 
7 9 . 
7 9 . 
7 9 . 
7 9 . 
7 9 . 
7 9 . 
7 9 . 
7 9 . 
7 9 . 
7 9 . 
7 9 . 




7 8 , 






0 . 1 0 1 0 
o . 1 3 8 0 
0 . 2 0 2 2 
0 . 2 9 0 0 
0 . 3 9 0 5 
0 . 4 9 5 2 
0 . 6 2 7 2 
0 . 7 ^ 5 0 
0 . 8 7 3 2 
0 . 9 9 3 2 
1 . 1 0 1 7 
0 . 9 1 8 3 
O . 6 8 6 5 
0 . 5 1 3 5 
0 . 2 7 1 0 
0 . 1 8 2 0 
0 . 1 1 3 5 
0 . 0 6 2 7 
0 . 0 5 8 0 
0 . 0 8 1 5 
0 . 1 4 7 0 
0 . 1 ^ 6 3 
0 . 1 1 7 5 
0 . 1 4 8 0 
0 . 2 0 7 2 
0 . 1 6 1 5 
0 . 4 3 1 0 
. 2 0 1 8 
O . 0 6 7 
0 . 0 9 2 
0 . 1 3 5 
0 . 1 9 3 
0 . 2 6 0 
0 . 3 3 0 
0 . 4 1 8 
0 . 4 9 7 
0 . 5 8 2 
0 . 6 6 2 
0 . 7 3 4 
0 . 6 1 2 
0 . 4 5 8 
0 . 3 4 2 
0 . 1 8 1 
0 . 1 2 1 
O . O 7 6 
0 . 0 5 4 
0 . 0 4 2 
0 . 0 3 9 
0 . 0 5 4 
0 . 0 7 8 
0 , 0 9 9 
0 . 1 3 8 
0 . 1 0 8 
0 . 1 5 0 
0 . 2 0 3 
0 . 2 8 ? 
0 . 3 5 7 
o ! l 3 5 
0 . 1 0 7 
O . 1 6 9 
0 . 3 0 0 
0 . 5 1 6 
0 . 8 1 2 
I . 1 6 9 
1 . 6 8 3 
2 . 2 0 8 
2 . 8 3 8 
3 - 4 7 7 
4 . 1 1 2 
3 . 0 7 5 
1 . 9 ^ 7 
1 . 2 4 0 
0 . 4 6 8 
0 . 2 5 5 
0 . 1 2 8 
0 . 0 7 7 2 
0 . 0 5 3 8 
0 . 0 4 8 4 
0 . 0 7 9 8 
0 . l 8 8 
0 . 1 8 6 
0 . 1 3 5 
0 , 1 8 9 
0 . 3 1 3 
0 . 2 1 7 
0 . 3 5 ^ 
0 . 5 5 7 
0 , 9 ^ 7 
1 . 3 1 7 
O . 6 3 7 
0 , 2 9 7 
3 . 3 3 4 
3 . 2 9 3 
3 . 3 0 4 
3 . 3 0 5 
3 . 3 2 7 
3 . 3 5 6 
3 . 3 8 8 
3 . 4 3 4 
3 . 4 7 8 
3 . 5 1 3 
3 . 5 5 6 
3 . 4 9 4 
3 . 4 2 3 
3 . 3 1 5 
3 . 2 8 4 
3 * 3 4 7 
3 . 3 8 7 
3 . 4 2 7 
3 . 4 5 6 
3 . 4 3 2 
3 . 3 4 1 
I'. HI 
3 . 3 1 ^ 
3 ' 3 1 4 
3 . 1 7 0 
3 . 1 7 5 
3 . 2 1 9 
3 . 2 4 7 
3 . 2 8 3 
3 . 3 2 0 
3 . 3 6 0 
3 . 4 1 0 
3 . 4 5 6 
3 . 4 9 4 
3 . 5 3 9 
3 . 4 7 4 
3 . 3 9 6 
3 . 3 3 5 
3 * 2 5 3 
3 . 1 9 3 
3 . 2 4 1 
3 . 1 7 8 
3 * 1 7 3 
3 * 2 1 7 
. I f 
. 1 5 1 
t - ^ 7 i n . ft, 
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T a b l e 7- S u m m a r y o f T e s t R e s u l t s , T e s t S e r i e s 4 
l u n T e m p e r a t u r e H e a d ( h ) h / P D i s c h a r g e ( Q ) C c' 
( ° F ) ( f t ) ( c f s ) e 
1 77.0 0.0700 0.047 0.0628 3.396 3.157 
2 77-0 0.0930 0.062 0.0950 3.3̂4 3.171 
3 77-0 0.1392 0.093 0.171 3.290 3.167 
4 77-0 0.i960 0.131 0.284 3.275 3.190 LT\ 77-0 0.2793 0.186 ,0.486 3.289 3.228 
6 77.0 0.3̂ 45 0.230 0.668 3.305 3.256 
7 76.5 0.4492 0.301 1.006 3.341 3.303 co 76.0 0.5505 0.367 1.376 3.369 3-337 
9 75.0 0.6732 0.449 I.885 3-412 3.386 
10 75.0 0.8075 0.538 2.505 3.451 3.429 
11 74.5 , 0.9565 0.638 3.272 3.498 3A79 
12 74.0 1.1023 0.735 4.118 3.558 3.542 
13 73.5 0.8765 0.591 2.856 3.481 3.̂60 
14 73-5 0.7288 0.486 2.137 3.435 3-410 
15 73.0 0.5720 0.381 1.470 3.399 3.368 
16 73.0 0.3922 O.261 0.826 3.363 3.319 
17 73-0 0.2455 0.164 0.407 3.345 3.274 
18 73.0 0.1792 0.119 0.251 3.309 3.217 
19 73-0 0.0950 O.063 O.0987 3.369 3.189 
20 73.0 0.0560 0.037 0.0468 3.516 3.225 
21 73.0 0.0525 0.035 0.0426 3.536 3.228 
22 74.0 0.1615 0.108 0.212 3.275 3.170 
23 75-0 ' 0.2340 O.156 0.373 3.293 3.220 
24 75.0 0.3123 0.208 0.579 3.321 3.265 
25 75.0 0.4030 0.269 0.853 3.334 3.291 
26 75.0 0.5095 0.340 1.221 3.358 3.324 
27 75-5 0.6215 0. 4l4 I.667 3-402 3.37̂  
28 75.5 0.1500 0.100 Od94 3.338 3.227 
29 75.5 0.1007 0.067 0.107 3.353 3.188 
30 75.5 0.1430 0.095 0.180 3.333 3.214 
31 75-5 0.2060 0.137 0.311 3.324 3-243 
32 74.5 0.1330 0.089 O.163 3.362 3.239 
33 74.5 0.2260 0.151 0.358 3.329 3.255 
34 74.5 0.3187 0.212 0.602 3.344 3.291 
35 74.5 0.4752 0.317 1.106 3-375 3.338 
36 74.5 0.6408 0.427 1.749 3-409 3.381 
( c o n t i n u e d ) 
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Table 7« Summary of Test Results, Test Series 4 (continued) 
Run Temperature Head (h) h/P Discharge (oj C 
1 
c (°F) (ft) (cfs) e 
37 74„5 0.8117 0.541 2.519 3.451 3.423 
38 74.5 0.9726 0 .648 3.363 3.510 3.491 
39 72.0 O.O960 0.064 0.102 3 o 4 o 6 3.232 4o 73.5 O0O905 0.060 0.0922 3.383 3.201 
hi 72.5 0.1260 0.084 Ool45 3.341 3.212 42 73-0 0.1780 0.1.19 0.249 3.310 3.216 
h3 73-0 0 0 2492 0.166 0.413 3.321 3.250 44 73-5 .3560 0.237 0.710 3.344 3.295 
45 74.0 0.2750 O.183 0.480 3.325 3.262 
4 6 74.0 0o2015 0 0 134 0o302 3.336 3.251 47 74.0 0.1300 0.086 0.157 3.343 3.213 
48 74.5 0.2512 0.167 0.420 3-333 3.265 
49 74.5 0.4270 0.285 0.936 3.355 3-314 
50 74.5 0.1675 0.112 0.228 3.325 3.226 
51 73 = 0 0.1645 0 0110 0.220 3.303 3.202 52 73-0 0.2352 0.157 0.378 3.312 3.242 
53 73.0 0.3112 0.207 0.579 3.336 3.280 
54 73 = 0 0 0 1430 0.095 O0I8O 3.323 3.205 55 73-0 0 01425 0o095 0.179 3.334 3.222 56 70.5 0.3040 0.203 O.561 3.349 3.292 
57 70.5 0.5498 0.367 1.380 3.386 3.354 
58 71.O 0.7197 o.48o 2.097 3.434 3.409 
59 71.0 0.9000 0 0 600 2.976 3.486 3 .466 6o 71.0 1.0530 0.702 3.820 3.536 3.518 
6i 71.O 1.1102- 0.74o 4.164 3.559 3.543 
62 71.0 0.0837 O.056 0.0828 3.416 3.213 
63 71.0 0,0733 - 0.049 0.0686 3.461 3.217 
64 71.0 0.0745 0.Q50 0,0698 3.428 3.200 
65 71.0 0.0683 0.046 O.0614 3 .448 3.197 
*t = 0.215 in., 1̂  = 0.0035 ft 
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Table 8 . Summary of Test Results, Test Series 5 
lun Temperature Head (h) h/P Discharge (Q,) C 1 
0 (°F) 
(ft) (cfs) e 
1 70.0 0.0628 0.042 0.0564 3 = 585 3.261 
2 70.0 0.0818 0.055 0.0802 3.429 3.184 on 70.0 0.1030 O.069 0.112 3.385 3.201 
4 71.0 0.1383 0.092 0 . 1 7 2 3 . 3 4 2 3 - 2 1 4 LT\ 71.0 0.2350 0.157 O.38O 3.329 3 . 2 4 9 
6 71.0 0.3142 0.209 0.591 3.35^ 3.295 
T 71.0 0.3925 0.262 O.827 3.36l 3.305 
8 71.0 0.4800 0.320 1.121 3.373 3.331 
9 71.0 O.5598 0.373 1.423 3.399 3.361 
10 71.0 O.6477 0.432 1.781 3.417 3.383 
11 71.0 O.7265 0 . 4 8 4 2 . 1 2 8 3.437 3.405 
12 71.0 O.8272 0.551 2.614 3.474 3.^51 
13 71.0 0.9300 0.620 3 -145 3.507 3.485 
14 71.0 1.0245 0.683 3.670 3.539 3.516 
15 71.0 O.2390 0.159 0.388 3.316 3.236 
1 6 71 - 5 O.3695 0.246 0 . 7 4 6 3.321 3^263 
17 71 . 5 0.7493 O.500 2.227 3.^33 3.408 
18 71 - 5 0.9972 O.665 3.501 3.516 3.496 
19 71.0 1.1200 O.747 4.218 3.559 3 - 540 
20 67 . 5 0.1728 0.1.15 0.242 3.366 3.248 
21 68.0 0.2373 0.1.58 0 . 3 8 5 3 . 3 3 0 3.255 
22 68.0 0.3198 0.213 0 . 6 0 4 3 . 3 4 1 3.277 
23 68.0 O.43IO 0.287 0.950 3.356 3.310 24 68.0 0.5300 0.353 1.302 3.376 3.338 
25 68.0 O.6193 0.413 1.657 3.399 3.369 
2 6 68.0 0.7712 0.514 2.332 3.443 3.418 
27 68.0 0.8690 0.579 2.815 3.475 3.451 
28 68.0 0.9535 0.636 3.269 3.511 3.486 
29 68.0 1.0515 O.701 3.819 3.5^2 3.519 
30 68.0 1.1260 0.752 4.271 3.566 3.547 
31 67.0 0.0975 O.C65 0.102 3.3^9 3.129 
32 67 . 5 0.1415 0 . C 9 4 0.179 3.352 3.199 
33 67 . 5 0.2120 0 . 1 4 1 0.326 3 . 341 3.248 
34 67 . 5 0.2890 0.193 0.517 3.329 3.262 
35 67 . 5 0.0850 0.057 O.O855 3.448 3.227 
36 67 . 5 0.1375 0.092 0.171 3.346 3.192 
(continued) 
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Table 80 Summary of Test Results, Test Series 5 (continued) 
Run Temperature' Head (h) h/P Discharge (Q,) 0 1 c 
(ft) (cfs) e 
37 6 7 . 5 0.17̂5 0 0116 0.244 3.340 3.217 
38 68.0 0.6717 0.448 I.887 3.429 3.396 
39 68.0 0.9215 0 0 6l4 3.097 3.501 3.476 4o 68.0 0.3650 0.243 0.738 3.346 3.293 
hi 68.0 0.0692 0.046 O0O631 3-469 3.201 
h2 66.0 0.1147 O0O76 0.132 3.408 3.222 
h3 66.0 0.3015 0.201 0.556 3.355 3.281 
hh 66.0 0.4877 0.325 1.151 3.379 3.335 
45 6 6 . 5 0.6467 0.431 1.778 3.419 3.384 
h6 6 6 . 5 0.8047 0.536 2.507 3.473 3.446 
hi 6 6 . 5 0.9615 0.641 3.320 3.521 3.497 
hQ 6 6 . 5 1.1082 0.739 4.163 3.568 3.550 
49 67.0 0.7085 0.472 2.045 3.429 3.397 
50 67.0 0.1693 0.113 0.231 3.314 3.208 
51 67.0 0.2592 0.173 0.439 3.324 3.251 
52 67.0 0.3185 0.212 0.598 3.327 3.258 
53 67.0 0.4887 0.326 1.149 3.363 3.319 
54 67.0 0.6432 0 . 429 1.757 3.4o6 3.376 
5 5 67.0 0.8048 0.537 2.494 3.454 3.428 
5 6 67.0 0.1338 O.O89 0.164 3.350 3-200 
t = 0 . 1 6 8 in., = 0 . 0 0 4 0 ft. 
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Table 9« Summary of Test Results, Test Series 6 
Run Temperature Head (h) h/P Discharge (Q) C c 
(°F) (ft) (cfs) e 
1 67.5 O.O607 0.040 0.0519 3A65 3.186 
2 67.5 O.065O 0.043 0.0570 3.435 3.185 oo 67.5 0.0682 '0.045 0.06l6 3.465 3.212 
4 68.0 0.0722 0.048 O.O67O 3.455 3.212 
5 68.0 0.0797 0.053 O.O760 3.380 3.168 
6 68.0 0.1055 0.070 0.115 3-341 3-179 
7 68.0 0.1465 0.098 0.186 3.322 3.208 
8 68.0 0.1888 0.126 0.272 3.312 3.223 
9 68.5 0.2445 O.163 0.403 3.330 3.260 
10 68.5 0.3115 0.208 O.580 3.337 3.281 
n 69.0 a.3862 0.257 0.804 3.350 3.305 
12 69.0 0.4780 0.319 1.114 3.37I 3.334 
13 69.0 0.5520 0.368 1.393 3-395 3.363 
l4 69.0 0.6398- 0.427 1.748 3.415 3.388 
15 69.0 0.7290 0.486 2.140 3.439 3.414 
16 69.0 0.8258 O.551 2.600 3.464 3-442 
17 69.0 0.9177 0.612 3.071 3.493 3.473 
18 69.0 1.0075 0.672 3.572 3.532 3.51^ 
19 69.0 1.1035 0.736 4.131 3.564 3-5^7 
20 69.0 0.1305 0.087 0.157 3-339 3.207 
21 69.5 0.1830 0.122 0.262 3.345 3.252 
22 69.5 0.1815 0.121 0.257 3.327 3.233 
23 69.5 0.2908 0.194 0.522 3.330 3.271 
24 70.0 0.4393 0.293 0.977 3-356 3.316 
25 70.0 0.5852 0.390 1.523 3-4t)l 3.371 
26 69.5 0.7857 0.524 2.410 3.459 3.437 
27 69.0 0.9590 0.639 3.302 3.516 3.497 
28 68.5 1.1437 O.762 4.384 3-584 3.568 
*t = 0.120 in., = 0.0035 ft. 
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Table 10. Summary of Test Results, Test Series 7 
Run Temperature Head (h) h/P Discbarge (Oj C c 
(°F) (ft) (cfs) 
1 68.5 0.1160 0.077 0.133 3.350 3.228 
2 68.5 0.1605 0.107 0.215 3-348 3.240 on 69.0 0.2202 0.147 0.3̂5 3.333 3.271 
4 69.0 0.2885 0 0192 0.516 3.329 3.270 5 69.0 0.3515 0.234 O.699 3.354 3-. 305 
6 69.0 0.4373 0,292 0.972 3.360 3.329 
7 69.0 0.5115 0. 34l 1.235 3.375 3-.341 CO 69,0 0.6020 0„401 1.587 3.397 3.372 9 69.5 0.6823 0.455 I.926 3-417 3-397 
10 69.5 0.7600 0,507 2.284 3.447 3.426 
11 7 0 . O 0.8508 O.567 2.726 3.473 3.454 
12 7 0.O 0.9362 0.624 3.170 3.500 3.434 
1 3 70.0 1.0530 0.702 3.825 3.540 3.524 
l4 70.0 1.1232 0.749 4.248 3.568 3.555 
1 5 69.0 O.885 0.059 O.0879 3.340 3.149 
1 6 69.0 0.0603 0.040 0.0499 3.367 3.158 17 6 6 . 5 O.O587 0.039 0.0484 3.406 3.141 
1 8 6 6 . 5 0.0710 0.047 0.0643 3.4Q3 3.200 
19 6 6 . 5 Oo0770 0.051 O.0721 3.367 3.138 
20 67.0 0.0928 0.062 0.0950 3.355 3.197 21 67.5 0.1090 0.073 0,118 3-285 3-.154 
22 67.5 0.1510 0.107 0.193 3.291 3 . 1 9 9 
23 67.5 0.2400 0.160 0.388 3.302 3-241 2k 68.0 O.4673 0.312 1.072 3.357 3.328 
25 68.0 0.8132 0.542 2.539 3.462 3.444 
26 68.0 O.9838 0.656 3.431 3.516 3.498 
27 68.0 1.1242 0. 7̂9 4.252 3.567 3.554 28 68.0 O.8967 0.598 2.961 3.487 3.468 
29 68.0 O.5660 0.370 1.441 3.384 3.357 
30 68.5 0,3907 0.260 0.813 3.330 3.289 
31 68.5 0.2993 0.200 0.544 3.321 3.276 
32 68.5 0.1748 0 0117 0.242 3.305 3. 2l6 33 68.5 0.2617 0.174 0.443 3.312 3.251 
3k 68.5 0.3913 0.26l 0,819 3.345 3.311 
35 68.0 0.1100 0.073 0.121 3.314 3.183 
36 68.5 0.1865 0.124 O.265 3.293 3.204 37 68.5 0.2652 0.177 0.452 3.308 3.257 
38 69.0 0.3600 0.240 0.720 3.332 3.291 
t = O.O96 in., = 0.030 ft. 
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T a b l e 11. S u m m a r y o f T e s t R e s u l t s , T e s t S e r i e s 8 
R u n T e m p e r a t u r e H e a d ( h ) h / P D i s c h a r g e (Q,) C 
1 
c 
( ° F ) ( f t ) ( c f s ) c; 
1 69.5 0.0712 Oo047 O.0638 3.363 3 = 132 
2 70.0 o.o84o 0,056 0.0818 3.367 3.159 oo 70.0 0.1085 0.072 0.120 3 = 345 3.189 
4 70.0 0.1423 0.095 0.179 3.338 3.218 LT\ 70.0 O.I850 O0I23 O.263 3.307 3.217 
6 70.0 O.2867 0.191 0.511 3.325 3.266 
7 70.5 0.3873 0.258 0.804 3.335 3.291 CO 70.5 0.4815 0.321 1.121 3.356 3.320 
9 70.5 0.5750 0.383 I .476 3.385 3.35^ 
10 70.5 O.6615 0 .44 i I.836 3 = 413 3 = 386 
n 70.5 0.7710 0.514 2.334 3. ̂ 47 3.424 
12 70.5 0.8803 0.587 2.878 3.485 3.464 
13 70.5 0.9895 0.660 3.468 3.523 3 = 505 
14 70.0 I0O850 0 0 723 4.017 3.55^ 3.537 
15 69.5 0.1865 0.124 0.265 3.293 3 = 204 
16 69 = 5 0.4398 0.293 0.975 3.341 3 = 301 
17 69.5 006223 0 0 415 1.665 3.392 3.364 
18 69.5 0.8185 0.546 2.556 3 = 452 3 = ̂ 30 
19 69.5 1.0335 0.689 3.710 3°53l 3.513 
20 69»5 1.1363 0.758 4.325 3.570 3.554 
21 69 = 5 0.9232 0.615 3.101 3 = 496 3.459 
22 69.5 0.7153 0.477 2.070 3° 422 3 = 397 
23 69.5 0.5248 0.350 1 = 279 3.365 3.331 
24 69.0 0 0 2820 0.188 O.508 3.338 3 = 275 
25 69.5 0.3415 0.228 0.664 3.327 3 = 278 
26 69.5 0.2398 0 „ 160 0.389 3*314 3 = 244 
27 69.5 0.1942 0.129 0.283 3° 308 3 = 219 
28 70.0 0.4468 0.298 0.999 3.345 3.306 
29 70.0 0.8518 0.568 2.724 3.464 3 = 443 
*t = 0.072 in., = 0.0035 ft« 
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T a b l e 12„ S u m m a r y o f T e s t R e s u l t s , T e s t S e r i e s 9 
R u n T e m p e r a t u r e 
( ° F ) 
H e a d ( h ) h / P D i s c h a r g e (oj c 
( f t ) ( c f s ) e 
1 70.0 0.0830 0,055 0,0793 3.318 3.116 
2 70 o0 0 O 1 0 4 2 O.069 0,113 3.350 3,184 
3 71.0 0.1432 0,095 0,180 3.329 3.210 
i+ 71,0 0.1998 0.133 0,296 3.310 3.223 
71,0 0.2988 OO 199 0„542 3.319 3.261 
6 7I0O 0 0 3880 0,259 0,807 3°34o 3.296 7 71.0 0 0 4910 0.327 I 0 I 5 6 3.358 3.323 CO 70.0 0.3522 0,235 0,698 3.338 3.289 
9 70,0 0.4595 0,306 1,045 3.353 3.316 
10 70.0 0.5̂30 0 0 362 1.349 3.372 3.339 11 70.0 006550 0.437 1,809 3.412 3.384 
12 70.0 0o78l8 0,521 2,382 3.447 3.424 
13 70.0 008995 0 0 600 2,972 3.484 3.464 
1 4 69.5 1.0212 0,681 3.641 3.528 3.510 
15 69.5 L1275 0.752 4,284 3.578 3.5'6l 
16 69.5 1.0682 0,7.12 3,924 3.554 3-537 
17 69.5 0o9450 0,630 3,220 3.505 3.486 
18 69*5 0 ,8402 0,560 2.670 3.466 3.445 
19 69.5 0.7175 0 „ 478 2,085 3.431 3.406 
20 69.5 0,6018 0,401 1.585 3.395 3.365 
21 69.5 0.3155 0,210 O.590 3.327 3.272 
22 69.5 0.2712 0,181 O.469 3.317 3.255 
23 69.5 0,2250 0,150 0,354 3.318 3.240 
2 4 69,0 0.1828 0 0122 0.259 3.316 3.224 25 69,0 0 01290 0,086 0.154 3.322 3.188 26 69,0 0,1010 0,0b7 0.108 3.353 3.190 
27 69.0 0,0720 0.048 0,0647 3.350 3.116 
2 8 69.0 0o0805 0,054 0.0755 3.304 3.107 
t = 0,048 i n . , 1^ = 0,0035 f t 
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Table 13. Summary of Test Results, Test Series 10 
Run Temperature Head (h) h/P Discharge (oj C 1 C (°F) (ft) (cfs) e 
1 69.O O.0672 0.045 0.0570 3.282 3.103 
2 69.5 0.0 788 0.053 0.0723 3.270 3.H5 on 69.5 0.0918 0.06l 0.0917 3.296 3.167 
4 70.0 0.1155 0.077 0.129 3.291 3.189 
5 70.0 0.1590 0.106 0.208 3.283 3.207 
6 70.0 0.1992 0.133 0.292 3.288 3.228 
7 70.0 0.2735 0.182 0.473 3.305 3.259 CO 70 o5 0.3570 0.238 0.708 3.317 3.282 
9 70.5 0.4710 0.314 1.082 3.349 3.322 
10 70.5 0.5740 0.383 1.435 3.377 3.355 
11 7lo0 0.6800 0.453 O.561 3.414 3.395 
12 71.O 0.7917 0.528 0.704 3.462 3.445 
13 71.0 0.9073 0.605 0.864 3.490 3.475 
14 71.O 1.0202 0.680 1.030 3.534 3.521 
15 71.O 1.1363 0.758 1.211 3.581 3.570 
16 71.0 1.0803 0.720 1.123 3.564 3.551 
17 71.0 0.9610 0.641 0.942 3.516 3.502 
18 71.0 0.8485 O.566 0.782 3.480 3.465 
19 71.O 0.7910 O.527 0.704 3.461 3.445 
20 71.O 0.7408 0.494 2.193 3.440 3.423 
21 67.0 0.2408 0.l6l 0.389 3.289 3.238 
22 67.5 0.4298 0.287 0.936 3.323 3.294 
23 68.0 0.6142 0.409 1.632 3.391 3.370 
24 68.0 0.8322 0.555 2.629 3A63 3.448 
25 68.0 0.5110 0.341 1.224 3.351 3.327 
26 68.0 0.4352 0.290 O.956 3.331 3.302 
27 68.0 0.3H5 0.208 0.573 3.298 3.258 
28 68.0 0.2195 0.146 0.337 3.281 3.226 
29 69.0 0 0 1̂30 0.095 O.176 3.259 3.177 30 69.0 0.0973 0.065 0.0979 3.225 3.105 
31 69.0 0.1530 0.102 0.197 3.302 3.221 
32 69.5 0.3713 0.248 0.751 3.319 3.287 
33 69.5 0.7790 0.519 2.366 3.442 3.425 
34 69.5 0.7192 0.479 2.091 3.428 3.411 
35 70.0 0.2660 0.177 0.454 3.310 3.265 
36 70.0 0.1970 0.131 0.288 3.290 3.228 
37 70.0 0.1070 0.071 0.115 3.298 3.184 
38 70.0 0.0910 0.06l O.0902 3.279 3.153 
*t = 0.023 in., 1̂  = 0.0025 ft. 
Table 14. Summary of Test Results, Test.Series 11 
Run Temperature Head (h) h/P Discharge (Q) C 1 
C 
(°F) (ft) (cfs) e 
1 6„o 0 01090 0.073 0.117 3.253 3 = 14  
2 6.0 0.1485 0.099 0.187 3.273 3.189 on 6.0 O0I878 0 0125 0.268 3.292 3.227 4 6.0 0.2377 0.159 0.382 3.295 3.244 5 66.5 0.3215 0.2.14 O.606 3 o325 3.287 
6 67.0 0.4458 0.297 0.996 3.346 3 = 318 
7 67,0 0.5445 0.363 1 = 357 3.377 3 = 353 8 67.0 O.6500 0 0 433 1.782 3.401 3.381 9 67.0 0.7̂30 0.495 2.198 3° 432 3 = 414 10 6.0 0.1220 0.081 0.142 3° 323 3 = 225 11 66.5 0.2913 0.194 0.521 3.313 3.271 12 66.5 O.5168 0.345 1.245 3.351 3.327 13 66.5 O.692O 0.46i I.967 3.416 3.398 
14 67.0 0.8480 0.565 2.705 3.463 3 = 48 15 67.0 0.9620 0.64l 3.296 3.494 3.480 16 67.0 1.0452 0.697 3.796 3*533 3.521 17 67.0 101267 0.751 4.255 3.558 3.546 18 67.0 0.9990 0.666 3.512 3.517 3.504 19 67.0 0.8030 0.535 2.481 3.447 3 = 432 20 67.0 0.1760 0.117 0.243 3.294 3 = 224 21 67.0 0.3880 0o259 0.804 3.327 3 = 295 22 67.O 0.5967 0.398 1.558 3.381 3 = 360 23 67.0 0.89̂8 0.597 2.940 3.474 3.459 24 67.0 1.0893 O.726 4.035 3.549 3 = 537 25 67.5 1.1380 0.759 4.348 3.581 3.569 26 67 = 5 0.9463 O.631 3.222 3.500 3.486 27 67.5 0.2300 Ool53 0.364 3 = 297 3 = 243 28 67.5 0.4205 0.280 0.911 3.42 3.313 29 67.5 0.5030 0.335 1.200 3.364 3.339 30 68.0 0.3̂65 0.231 0.677 3.321 3 = 284 31 68.0 0.1420 0.095 O.I76 3.289 3.205 
*t = knife edged, k^ = 0,0025 ft. 
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